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Claims 

1. A method for drying a workpiece that has been inmiersed in a first 
processing liquid, the method comprising the steps of: 

withdrawing the workpiece at a selected withdrawal rate from a first 
liquid; 

as the workpiece is withdrawn from the first liquid, transferring to 
least one exposed surface of the workpiece a second processing liquid, where 
the second liquid has a surface tension that is less than 17 dynes/cm, and has a 
second liquid density that is much greater than density of the first liquid; 

whereby at least one exposed surface of the workpiece dries in a drying 
time interval whose length does not exceed a range of 30-45 seconds. 

2. The method of claim 1, fiirther comprising the step of choosing said 
second liquid from the class consisting of hydrofluoroether and an azeotrope 
of hydrofluoroether, maintained at a selected temperature in the range 20-60 

3. The method of claim 2, further comprising the steps of: 
maintaining said second Hquid at a selected temperature in the range of 

30-60 OC; and 

withdrawing said workpiece from said first liquid at a withdrawal rate 
in the range of 0.5-5 cm/sec. 

4. The method of claim 1, fiirther comprising the step of choosing as 
said first liquid de-ionized water, maintained at a selected temperature in the 
range of 10-90 ^C. 
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5. The method of claim 1, wherein said step of transferring said drying 
liquid to said exposed surface of said workpiece comprises spraying said 
second liquid onto a selected portion of said exposed surface of said 
workpiece. 

6. The method of claim 5, wherein said step of transferring said second 
liquid to said at least one exposed surface of said workpiece comprises the 
steps of: 

directing a sheet of said second liquid in a selected direction toward 
said at least one exposed surface of said workpiece so that a selected region, 
having a selected orientation relative to a vertical direction, of said at least 
one exposed surface is wetted by the sheet of said second liquid; and 

moving at least one of said workpiece and the sheet of said second 
liquid so that substantially all regions of said at least one exposed surface of 
said workpiece are wetted by the sheet of said second liquid. 

7. The method of claim 6, further comprising the step of choosing said 
selected orientation of said selected region from a class of orientations 
consisting of vertical orientation, horizontal orientation and diagonal 
orientation. 

8. The method of claim 6, further comprising the steps of: 
directing a second sheet of said second liquid in a selected direction 

toward said a second exposed surface of said workpiece so that a second 
selected region, having a second selected orientation relative to a vertical 
direction, of the second exposed surface is wetted by the second sheet of said 

second liquid; and 

moving at least one of said workpiece and the second sheet of said 
second liquid so that substantially all regions of the second exposed surface of 
said workpiece are wetted by the second sheet of said second liquid. 
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9. The method of claim 8, further comprising the steps of: 
choosing said first selected orientation of said selected region from a 

first class of orientations consisting of vertical orientation, horizontal 
orientation and diagonal orientation; and 

choosing said second selected orientation of said second selected region 
from a second class of orientations consisting of vertical orientation, 
horizontal orientation and diagonal orientation. 

10. The method of claim 9, further comprising the step of choosing 
said first selected orientation and said second selected orientation 
independently of each other. 

11. The method of claim 6, further comprising the step of rotating said 
selected direction of said sheet of said second liquid relative to said workpiece 
so that substantially all regions of said at least one exposed surface of said 
workpiece are wetted by said sheet of said second liquid. 

12. The method of claim 1, wherein said step of transferring said 
second liquid to said exposed surface of said workpiece comprises dribbling 
said second liquid onto a selected region of said exposed surface of said 
workpiece. 

13. A method for cleaning a workpiece, the method comprising the 
steps of: 

transferring to least one exposed surface of the workpiece a processing 
liquid, where the liquid has a surface tension that is less than 17 dynes/cm and 
has a liquid density that is much greater than the density of water; 

whereby contaminants on at least one exposed surface of the workpiece 
are removed from the at least one exposed surface. 



Ferr-107CIP 



23 



14. The method of claim 13, further comprising the step of choosing 
said processing liquid from the class consisting of hydrofluoroether and an 
azeotrope of hydrofluoroether, maintained at a selected temperature in the 
range 20-60 ^C. 

15. The method of claim 13, wherein said step of transferring said 
hquid to said exposed surface of said workpiece comprises spraying said 
liquid onto a selected portion of said exposed surface of said workpiece. 

16. The method of claim 15, wherein said step of transferring said 
Hquid to said at least one exposed surface of said workpiece comprises the 
steps of: 

directing a sheet of said liquid in a selected direction toward said at 
least one exposed surface of said workpiece so that a selected region, having a 
selected orientation relative to a vertical direction, of said at least one exposed 
surface is wetted by the sheet of said liquid; and 

moving at least one of said workpiece and the sheet of said liquid so 
that substantially all regions of said at least one exposed surface of said 
workpiece are wetted by the sheet of said liquid. 

17. The method of claim 16, further comprising the step of choosing 
said selected orientation of said selected region from a class of orientations 
consisting of vertical orientation, horizontal orientation and diagonal 
orientation. 

18. The method of claim 16, further comprising the steps of: 
directing a second sheet of said second liquid in a selected direction 

toward said a second exposed surface of said workpiece so that a second 
selected region, having a second selected orientation relative to a vertical 
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direction, of the second exposed surface is wetted by the second sheet of said 
second liquid; and 

moving at least one of said workpiece and the second sheet of said 
second liquid so that substantially all regions of the second exposed surface of 
said workpiece are wetted by the second sheet of said second liquid. 

19. The method of claim 18, further comprising the steps of: 
choosing said first selected orientation of said selected region from a 

first class of orientations consisting of vertical orientation, horizontal 

orientation and diagonal orientation; and 

choosing said second selected orientation of said second selected region 

from a second class of orientations consisting of vertical orientation, 

horizontal orientation and diagonal orientation. 



20. The method of claim 19, further comprising the step of choosing 
said first selected orientation and said second selected orientation 
independently of each other. 



21. The method of claim 16, further comprising the step of rotating 
said selected direction of said sheet of said liquid relative to said workpiece so 
that substantially all regions of said at least one exposed surface of said 
workpiece are wetted by said sheet of said liquid. 

22. A method for drying a workpiece, the method comprising the step 

of: 

withdrawing a workpiece from a first processing liquid, having a first 
liquid density, at a selected withdrawal rate and forming transitory first and 
second zones and a third zone on a surface of the workpiece, where the first 
zone is immersed in and covered with the first liquid, the second zone is not 
immersed in the first liquid and is at least partly covered with a second 
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processing liquid, the third zone is not immersed in the first liquid and is 
substantially free of the first liquid and of the second liquid, the second zone 
is located between the first zone and the third zone, and the second liquid is 
less polar than the first liquid, has a surface tension that is less than 17 
dynes/cm, and has a second liquid density that is much greater than the first 
liquid density ; 

whereby an exposed surface of the workpiece in the third zone dries in 
a drying time interval whose length does not exceed 30 seconds. 

23. The method of claim 22, further comprising the step of choosing 
said second liquid from the class consisting of hydrofluoroether and an 
azeotrope of hydrofluoroether, maintained at a selected temperature in the 
range 20-60 ^C. 

24. The method of claim 22, further comprising the step of choosing as 
said first liquid de-ionized water, maintained at a selected temperature in the 
range of 20-60 ^C. 

25. The method of claim 24, further comprising the steps of: 
maintaining said second liquid at a selected temperature in the range of 

30-60 OC; and 

withdrawing said workpiece from said first liquid at a withdrawal rate 
in the range of 0.5-5 cm/sec, 

26. The method of claim 22, further comprising the step of 
withdrawing said workpiece from said first liquid and forming a transitory 
fourth zone on said surface of said workpiece, located between said first zone 
and said second zone, that is not immersed in said first liquid but has a 
residue of said first liquid present in the fourth zone. 
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27. A method for drying a workpiece, the method comprising the steps 

of: 

positioning the workpiece in a selected orientation relative to a vertical 
orientation; 

transferring to a selected portion of at least one exposed surface of the 
workpiece a selected processing liquid, where the liquid has a surface tension 
that is less than 17 dynes/cm ^d has a liquid density that is much greater than 
the density of water; and 

moving the selected portion of the at least one exposed surface of the 
workpiece so that substantially all regions of the at least one exposed surface 
are wetted by the liquid, 

whereby the at least one exposed surface of the workpiece dries in a 
drying time interval whose length does not exceed 45 seconds. 

28. The method of claim 27, further comprising the step of selecting 
said portion of said at least one exposed surface of said workpiece to be an 
approximately horizontally oriented strip of selected strip width that extends 
across said at least one exposed surface of said workpiece. 

29. The method of claim 27, further comprising the step of selecting 
said portion of said at least one exposed surface of said workpiece to be an 
approximately vertically oriented strip of selected strip width that extends 
across said at least one exposed surface of said workpiece. 

30. The method of claim 27, further comprising the step of selecting 
said portion of said at least one exposed surface of said workpiece to be a 
strip of selected strip width that extends across said at least one exposed 
surface of said workpiece in a diagonal direction. 
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31. A method for cleaning a workpiece, the method comprising the 
steps of: 

positioning the workpiece in a selected orientation relative to a vertical 
orientation; 

transferring to a selected portion of at least one exposed surface of the 
workpiece a selected processing liquid, where the liquid has a surface tension 
that is less than 17 dynes/cm and has a liquid density that is much greater than 
the density of water; and 

moving the selected portion of the at least one exposed surface of the 
workpiece so that substantially all regions of the at least one exposed surface 
are wetted by the liquid, 

whereby contaminants on at least one exposed surface of the workpiece 
are removed from the at least one exposed surface. 

32. The method of claim 31, further comprising the step of selecting 
said portion of said at least one exposed surface of said workpiece to be an 
approximately horizontally oriented strip of selected strip width that extends 
across said at least one exposed surface of said workpiece. 

33. The method of claim 31, further comprising the step of selecting 
said portion of said at least one exposed surface of said workpiece to be an 
approximately vertically oriented strip of selected strip width that extends 
across said at least one exposed surface of said workpiece. 

34. The method of claim 31, further comprising the step of selecting 
said portion of said at least one exposed surface of said workpiece to be a 
strip of selected strip width that extends across said at least one exposed 
surface of said workpiece in a diagonal direction. 
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35. A method for drying a workpiece, the method comprising the steps 



of: 



itomersing the workpiece in a selected processing liquid, where the 
liquid hak a surface tension that is less than 17 dynes/cm, and has a liquid 
density that is much greater than the density of water; 

forming a selected flow pattern of the liquid that is approximately 
circular across\t least a portion of at least one exposed surface of the 
workpiece, for a selected time interval; and 

removing thcyworkpiece from the liquid, 

whereby the atN,east a pprtioffofthe at least one exposed surface of the 
workpiece dries within^^5^conds after beW removed from the liquid. 

36. The metKod of claim 35, further comprising the step of choosing 
said liquid froni/me class consisting of hydrofluWoether and an azeotrope of 
hydrofluoroetl;ter, maintained at^ selected temperature in the range 20-60 

37. Thfe method of claim 3^ further comprismg^e step of choosing 
said flow pattern to have an ypproximate centep^ said approximately 
circular flow tlW is space^apart fronT^aicfworkpiece. 

38. The method of claim 35, furtheAcomprising the step of choosing 
said flow pattern to have an approximate center for said approximately 
circular flow that is located within said at leaSf one portion of said at least one 
exposed surface of said workpiece. 



39. The method of claim 35, further compiising the step of forming 
said approximately circular flow pattern with an associated liquid angular 
velocity in the range 0.2-500 radians per second. 
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40. The method of claim 39, further comprising the step of forming a 
secohd selected flow pattern of said liquid that is approximately circular 
across m least a second portion of said at least one exposed surface of said 
workpiecie, for a second selected time interval, where said first portion and 
the secondNj)ortion of said at least one exposed surface of said workpiece 
overlap eacK other. 



41. A metjiod for cleaning a workpiece, the method comprising the 
steps of: 

immersing thV workpiece in a selected processing liquid, where the 
liquid has a surface t^sion that is less than 17 dynes/cm, and has a liquid 
density that is mucK greater than the density of water; 

forming a fleeted flow pattern of the UquM that is approximately 
circular across at least a poruon of at least one exposed surface of the 



workpiece, for/ a selected time 
removing the workpiece 
whereb 

surface. 



jrval; and 
m the liquid, 
V contaminants aife r4h:ioved from the at leg 



one exposed 



42. The methed-m claim 41, further comprising the step of choosing 
said liquid from the class consisting of hyqrofluoroether and an azeotrope of 
hydrofluoroether, maintained at a selected temperature in the range 20-60 



43. The method of claim 41, further comprising the step of choosing 
said flow pattern to have an approximate center fo\ said approximately 
circular flow that is spaced apart from said workpiece. 
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44. The method of claim 41, further comprising the step of choosing 
said flow pattern to have an approximate center for said approximately 
circular^flow that is located within said at least one portion of said at least one 
exposed surface of said workpiece. 

45. The method of claim 44, further comprising the step of forming 
said approximately circular flow pattern with an associated liquid angular 
velocity in the rangXp.2-500 radians per second. 

46. The method fifvclaim 41, further c^prising the step of forming a 
second selected flow^atterti of said liquid that Is approximately circular 
across at least a seciond portioh of said at least one exposed surface of said 
workpiece, for a second selecteoairae interval, where said first portion and 
the second portion of said at least one exposed surface of said workpiece 
overlap each other. jl\ ^ 

47. A methocLfor drying /workp^, the m^thdd comprising the steps 

of: ^^^^^ 

immersing the workpiece in a selected ptocessing liquid that has a 
surface tension that is less than 17 dynes/cm andthat has a liquid density that 
is much greater than the density of water, where the liquid is heated to a 
selected temperature that is less than the boiling temtoerattire of the liquid, for 
a selected immersion time interval of at least 5 seconds^, 

subjecting the workpiece to ultrasonic vibrations iri a selected 
frequency range within the liquid for at least a portion of the immersion time 
interval; and \ 

withdrawing the workpiece from the liquid at a selected, withdrawal 

rate, \ 



Ferr-107CIP 



# 



3 1 



whereby an exposed surface of the workpiece dries after the workpiece 
su^ace is withdrawn from the liquid in a drying time interval whose length 
does iiot exceed 30 seconds. 

48\The method of claim 47, further comprising the step of choosing 
said liquidVom the class consisting of hydrofluoroether and an azeotrope of 
hydrofluoroe^ier, maintained at a selected-teniperature in the range 20-60 

49. The me^od ofclaim 47, further comprising the steps of: 
maintaining sa^liquid at a selected temperature in the range of 30-60 
oC;and 

withdrawing' saidNvorkpiece from said liquid/ at a withdrawal rate in 
the range of 0.5-3 cm/sec. 



workpiece 



50. A method for cle 
steps of: 

immersin 
surface tension that is less than 17 
is much greater th 

selected temperatureHhat is le^ than 



ig a workpiece, the /method comprising the 



selected processing liquid that has a 
[ynfts/cm ana mat nas a iiquijr density that 
the density /Sf watekwhere the liquM^/heated to a 

le boiKftfi-temiSerature of the liquid, for 



a selected immersion tinieTnterval of aUeast 5 seconds; 

subjecting the workpiece to ultrasCmic vibrations in a selected 
frequency range within the liquid for at le^st a portion of the immersion time 
interval; and 

withdrawing the workpiece from the l^^uid at a selected withdrawal 

rate, 

whereby contaminants on at least one exfi^osed surface of the workpiece 
are removed. 
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51. The method of claim 50, further comprising the step of choosing 
saicTtiquid from the class consisting of hydiofluoroether and an azeotrope of 
hydrofluord©tlier, maintained at a selected temperature in the range 20-60 



52. The method of clmm 5T>>£urther comprising the steps of: 
maintaining said liquid at a selej^ed^emperature in the range of 30-60 
OC; and 

withdrawing said wWniecJe from said first licjuid at a withdrawal rate 
in the range of 0.5-5 cm/sec. 
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